The relationship between surface free-energy and kinetics in the mineralization and demineralization of dental hard tissue.
The interfacial free-energy is an important factor in the regulation of mineralization and dissolution at the surfaces of dental hard tissues. However, few thermodynamic studies have been aimed at the elucidation of the interfacial terms. Contact angle measurements (sessile drop and thin layer wicking) and kinetic dissolution and growth techniques have been used to study the interfacial properties of root dentin (D), human enamel (E), and hydroxyapatite (HAP). The interfacial tensions between water (w) and each of these phases were calculated from contact angle data according to surface tension components theory. The values gamma wD = 4.5 x 10(-3) J m-2, gamma wE = 8.8 x 10(-3) J m-2, and gamma w,HAP = 10.4 x 10(-3) J m-2 were of the same order of magnitude as those obtained from dissolution kinetic data (pH = 4.5): gamma wD = 1.4 x 10(-3) J m-2, gamma wE = 3.2 x 10(-3) J m-2, and gamma wHAP = 9.3 x 10(-3) J m-2. Kinetics studies of the crystallization of HAP on HAP, dentin, and enamel yielded the interfacial free-energy values, gamma wHAP = 17.1 x 10(-3) J m-2, 17.7 x 10(-3) J m-2, and 9.4 x 10(-3) J m-2, respectively, probably reflecting the interfacial energies of the deposited phases rather than those of the dental hard-tissue substrata. The lower interfacial tension values are consistent with the higher solubilities of these solid phases: logKSO = -52.0, -55 approximately 57, and -58 approximately 59, for root dentin, enamel, and HAP, respectively, expressed as an equivalent HAP ionic product. The higher interfacial free-energy is also consistent with the slower mineralization of HAP on dentin and enamel surfaces.